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Highlights (online only):

This guideline provides recommendations for risk-reduction and screening for

individuals with a hereditary breast and ovarian cancer syndrome.

e This guideline focuses on risk-reduction and screening mainly in unaffected

carriers and particularly in high-resource settings.
e The panel encompasses an international multidisciplinary group of experts.

« Recommendations are based on available scientific data and the authors’

collective expert opinion.



INCIDENCE AND EPIDEMIOLOGY

Hereditary breast and ovarian cancer syndrome (HBOC) is clinically defined by family
history criteria, and molecularly defined by identification of germline pathogenic variants
(PVs) in clinically validated HBOC genes.: These genes are broadly classified as high-
risk genes, increasing breast and/or tubo-ovarian cancer risk by at least fourfold, and
moderate-risk genes, increasing risk by two- to fourfold (Table 1). There is a large
overlap between clinical and molecular HBOC, i.e. individuals with both family history
and a PV. However, the genetic basis of about half of clinical HBOC is currently
unknown, or unexplained by single-gene variants,z and conversely, approximately half of
individuals who harbor PVs in HBOC genes do not have a suggestive family history.:

Studies of the prevalence of clinical and molecular HBOC are largely based on high-risk
genes in individuals of Caucasian/European ancestry, whereas population-level data in
unaffected persons is limited. Clinically, HBOC has been estimated to underlie ~10% of
breast cancers. Molecularly, ~6% of breast cancer patients harbor PVs in HBOC genes:
about half (~3%) in BRCA1, BRCA2 and other high-risk genes (e.g. PALB2), and half
(~3%) in moderate-risk genes (e.g. ATM, CHEK2).4s. The remaining 4% are yet
unidentified factors that may be genetic, environmental or a combination of both. In
patients with high-grade ovarian cancer, germline PVs are identified in ~15% of cases.s

Based on objectively determined genealogy and cancer incidence data, ~12% of
unaffected individuals have family history fulfilling the National Comprehensive Cancer
Network (NCCN) testing criteria,” a rough surrogate for clinical HBOC. The prevalence
of molecular HBOC in unaffected individuals varies based on family history and
ethnicity. Family history is incorporated in tools to predict the probability of harboring a
hereditary PVes—some populations harbor founder PVs with high carrier frequencies,
e.g. 2.5% (1:40) for the three BRCA1 and BRCA2 founder PVs in Ashkenazi Jews,* and
0.7%-0.8% (1:125-140) for the BRCAZ2 founder PV in Iceland.» Studies performed in
non-founder populations, largely of individuals with Caucasian/European ancestry,
suggest that the carrier frequency for high-risk genes (i.e. BRCA1, BRCA2, PALB2) is
approximately 1:150,=+ which is consistent with early epidemiological estimates and is

discussed further in Section 1 of the Supplementary Material.



Recommendations

« Individuals with significant family history should be offered genetic testing using
multi-gene panels of clinically validated HBOC genes [A].

« Clinicians should be aware that family history-based testing misses about half of
HBOC syndrome gene carriers, and strategies to identify these high-risk

individuals are being developed [A].

POST-TEST COUNSELLING AND FOLLOW-UP OF INDIVIDUALS WITH HBOC
Genetic counselling

Once HBOC syndrome is identified, genetic counselling should address the medical and
potential psychological implications for both individuals and their families. Medical
implications include impact on treatment of any current cancer, and interventions for
prevention or early detection of future cancers. Discussion of risks should include the
risks for specific types of cancers compared with the population risks.:> As much as
possible, risk assessment should be comprehensive and tailored, incorporating not only
the specific gene and variant identified, but also other individual risk factors, both non-
genetic (e.g. age, reproductive history) and genetic.> Available, validated online tools

that can aid in this evaluation include CanRisk (https://www.canrisk.org/). Risk-reduction

and screening recommendations should be evidence-based where available, and
include discussion of personal circumstances and preferences (e.g. family history,
family planning and reproductive options).” Counselling must include clear explanations
of familial implications, indicating which relatives, both female and male, need to be
informed and offered counselling and testing, in addition to counselling on reproductive
implications and options [e.g. pregestational testing (PGT)]. Currently, testing is
recommended only in adult relatives (except for TP53), although this is an evolving
topic.v The age of testing of adults can be based on legal adulthood (18 years in most

countries) or on the age of potential medical actionability of the PV, which is from


https://www.canrisk.org/

approximately age 25. Timing of testing should be tailored to family history, patient
preference and if PGT is being considered. Strategies that improve familial testing,

including allowing direct communication by the medical team, should be sought.

Follow-up

Follow-up is a lifelong endeavor for individuals with HBOC, who manage complex
schedules of serial imaging, risk-reducing surgeries (RRSs), risk-reducing medications
(RRMeds) and ensuing quality of life (QoL) issues. This is best undertaken in
specialized, multidisciplinary high-risk clinics including imaging services, gynecologists,
breast and plastic surgeons, genetic counsellors, psychologists and linked oncologists.
Such clinics have several advantages: (i) Clinical expertise in the high-risk setting,
including access to clinical trials; (ii) Continuity of care, including updating risk
assessment and recommendations based on new evidence; (iii) Consistency of care —
ensuring that patients do not receive conflicting recommendations; and (iv) A
biopsychosocial approach that provides emotional as well as medical support.

Recommendations

e Post-test genetic counselling should include discussion of medical and
psychological implications, for both the individual and the family [A].

« Risk management should be individualized and, when available, validated tools

should be used to aid decision making [B].

« Risk management should be performed in specialized high-risk clinics that are

multidisciplinary and include psychologists where possible [A].

o Enhancing awareness and availability of testing in at-risk relatives should be a

priority [A].

BREAST CANCER RISK MANAGEMENT

Imaging screening for women with high-risk PVs (BRCA1, BRCA2, PALB2)



In the presence of a PV in BRCA1, BRCA2 or PALB2, screening should commence 5
years before the youngest affected family member, or latest at age 30. Clinical breast
examination is of no value as a screening tool.»» Young age is associated with a higher
breast density, which interferes with mammographic detection of breast cancer.»
Magnetic resonance imaging (MRI) has consistently demonstrated improved early
diagnosis of cancer compared with digital mammography and/or ultrasound in women
with or without causative PVs.»= Breast cancer among women with BRCA1 PVs
exhibits fast growth rates more often than sporadic breast cancer. This shortens the
‘lead time’,i.e. the time available to detect the cancer while it is still in a subclinical
phase, and explains the need for closer screening intervals, particularly for

BRCAL carriers. In fact, for carriers of a BRCAL PV, 6-monthly screening is
recommended.2 For BRCAL carriers, there appears to be little benefit of additional
mammographic screening, irrespective of age; however, in BRCAZ2 carriers, there may
be some added benefit, with no data on PALB2.= While 6-monthly MRI would be the
optimal strategy for BRCA1 PV carriers,= in most countries, 6-monthly screening MRI
is not available; thus, annual MRI may be supplemented (in between the annual MRISs)

by ultrasound or mammography depending on age, availability and local guidelines.

There is no data on a cessation date of MRI for screening. Current guidelines
recommend continuing MRI for as long as the woman is in good health.> Of note, it is
not only breast density that drives the lower sensitivity of other breast imaging
modalities in PV carriers. Accordingly, it is not recommended to ‘switch’ to
mammography screening once density decreases with increasing age.

Retrospective studies demonstrate that ‘intensified screening’ results in earlier breast
cancer diagnosis and improved outcomes.= ‘Intensified screening’ is defined as
screening beyond the level recommended for individuals at average risk. It includes (i)
the recommended age of screening onset, (ii) the recommended screening intervals
and (iii) the methods involved for screening, as outlined in the summary
recommendations below. ‘Intensified screening’ is also cost-effective.» Risk-reducing
mastectomy results in a remaining breast cancer risk lower than that of average risk
women with natural breasts. Routine intensified screening is not indicated following risk-

reducing mastectomy (RRM); however, a baseline MRI in the first year after RRM to



evaluate amount of residual breast tissue is reasonable and further decisions on
whether any imaging screening is mandated should be made on a case-by-case basis.
While there is no available evidence on adopting this approach, it is suggested in order
to compensate for the variable surgical styles with which skin-sparing and nipple-
sparing risk-reducing mastectomy is carried out. Of note, there are no validated tools for
measuring and quantifying residual breast tissue or for defining the amount of residual
tissue that justifies or requires continued surveillance — this is an important area for

research.

In women with ovarian cancer (including early and advanced stages at diagnosis) in a
prolonged remission, intensified breast screening should be considered. Based on data
from maintenance poly (ADP-ribose) polymerase (PARP) inhibitor trials in this
population, it is reasonable to consider a ‘prolonged remission’ as being free from

recurrence for at least 3 years from diagnosis.

Institutions that offer screening of HBOC families must establish the same rigorous
guality assurance for MRI as done for mammography screening; clinical experience with
magnetic resonance (MR)-guided vacuum-assisted biopsy must be available. There are
ongoing initiatives in European and the United States to collect evidence on the long-
term safety of repeated gadolinium exposure; however, to date there are no data to

suggest adverse outcomes in the absence of renal insufficiency.

Recommendations:

« Women with HBOC should be offered intensified screening if they do not opt for
RRM [A].

e Breast MRI should be considered the essential component of intensified screening

programs [A].

e Inthe presence of a BRCAL, BRCA2 or PALB2 PV intensified screening should
start at age 30, or 5 years younger than the youngest family member with breast
cancer [A].



e There is currently no evidence on the appropriate end date of intensified
screening; it is suggested to base the decision on individual factors such as breast

density, comorbidities and the patient’s priorities [C].

e Annual screening intervals are recommended, except for BRCA1, where 6-

monthly screening should be considered [A].

« If half-yearly screening is considered, this may be best achieved by annual
MRI and, depending on availability, resources and local guidelines, the following

imaging may be considered in between annual MRI studies:
o in carriers 30-39 years of age, ultrasound with or without mammography [C]
o in carriers 240 years of age, mammography with or without ultrasound [C].

e There is no evidence to support continued routine breast imaging after RRM [D].
However, a baseline MRI in the first year after RRM to evaluate amount of residual
breast tissue is reasonable and further decisions on imaging screening should be
made accordingly on a case-by-case basis [C].

« Women in follow-up after breast-conserving treatment or unilateral mastectomy for
non-metastatic hereditary breast cancer should continue with intensified screening
[A].

e In women with ovarian cancer (including early and advanced stages at diagnosis)
with no evidence of recurrence in a prolonged remission, intensified breast

screening should be considered [C].

e There should be rigorous quality assurance of intensified screening programs,
including benchmarking of program sensitivity, false-positive rate and recall rates
and availability of MR-guided biopsy [A].

Lifestyle factors and breast cancer risk



All studies of lifestyle factors and hereditary breast cancer risk are observational, with
potential for bias and residual confounding. Many risk factors confer consistent relative
risks across the risk spectrum, resulting in greater absolute increases for those with
higher underlying genetic risk. Studies of BRCA1/2 PV carriers are limited by relatively
small sample sizes and selection bias, but findings are mostly consistent with those for

the general population.

Physical inactivity and being overweight postmenopausally are associated with
increased breast cancer risk in those at increased familial risk.::= Breastfeeding is
associated with reduced breast cancer risk for BRCAL1 PV carriers, but less so for
BRCAZ2,==which is consistent with studies in the general population demonstrating a
stronger inverse association for estrogen receptor-negative disease. Conversely, the
inverse associations with breast cancer risk seen in the general population for earlier
age at first birth and higher parity are less clear for BRCA1/2 PV carriers.= Current use
of hormonal contraceptives and combined hormone replacement therapy (HRT) is
associated with increased breast cancer risk in the general population;== but whether
this holds true for BRCA1/2 PV catrriers is less clear.»= Although alcohol is associated
with increased risk for breast cancer in the general population,* studies have not

demonstrated a clear association for BRCA1/2 PV carriers.s

Recommendations:

e Physical exercise most days at moderate or strenuous intensity should be
encouraged if appropriate (more is better), avoid being overweight or obese and
encourage breastfeeding [B].

e Minimize alcohol intake [C].

« Decisions about hormonal contraception should weigh the possible increase in
breast cancer risk against contraceptive efficacy, convenience and reduction in

risk of ovarian cancer [C].

Risk-reducing medication



RRMed is an option for women who postpone, or do not undergo, elective bilateral risk-
reducing mastectomy (BRRM). In randomized placebo-controlled trials for women with
elevated lifetime risk of breast cancer (genetic status was only available on a very small
subset of these women), the selective estrogen receptor modulators, tamoxifen and
raloxifene, and the aromatase inhibitors, anastrozole and exemestane, reduce breast
cancer incidence by about 30%-60%, especially estrogen receptor-positive disease.
The absolute risk of serious side-effects is low, particularly for premenopausal women.
Five years of daily tamoxifen (20 mg) or anastrozole (1 mg) reduces risk for at least 20
and 10 years, respectively. Lower dose, shorter-duration tamoxifen is an option if the
20 mg dose is not tolerated. Tamoxifen is the only option for premenopausal women.
Side-effect profiles should be considered when choosing between agents for
postmenopausal women, including risks of thrombosis, endometrial cancer and

osteoporosis.

Data pertaining specifically to women with PVs in germline predisposition genes are
extremely limited. The underpowered LIBER trial showed no reduction in first breast
cancers in carriers of BRCA1/2 PVs randomized to letrozole versus placebo.z A
subgroup analysis of the effect of tamoxifen for individuals with BRCA1 and BRCAZ2 in
the NSABP-P1 trial was too small and thus uninterpretable.= Observational studies of
tamoxifen and aromatase inhibitors for risk reduction of contralateral breast cancer have
suggested benefits for carriers of both BRCA1 and BRCA2 PVs.+ There are no data
pertaining to PVs in other breast cancer predisposition genes.

Recommendation:

« RRMeds can be considered for primary risk reduction of breast cancer and
risk reduction of contralateral disease in women who decline BRRM, or who have

a risk level that does not warrant surgery [C].

Risk-reducing surgery



BRRM is the most effective method for reducing breast cancer risk among BRCA1/2 PV
carriers.» High-risk carriers who may wish to consider RRM are those with PVs in other
high-risk genes: TP53, PTEN, STK11, CDH1 and PALB2. For these rare and less
known PVs, RRM should be discussed after careful consideration of individualized risk
assessment.« In all affected high-risk PV carriers, contralateral risk-reducing
mastectomy (CRRM) lessens the incidence of contralateral breast cancer without

proven impact on overall survival (OS).s#

BRRM reduces the risk of breast cancer by ~90% depending on the study and type of
surgery performed. No randomized controlled studies of this procedure have been
performed. One study reported a benefit in disease-specific survival in BRCAL carriers,

despite limitations in the control group.

The benefits of RRM are likely greatest if performed from the age of 30 (until the age of
30, the cumulative risk of breast cancer for BRCAL1 and BRCAZ2 carriers is only

4%);+ however, beyond age 55, the evidence for benefit is weak.= Ultimately, the
decision regarding if and when to perform RRM is determined by patient preference and

may be influenced by family history.

BRRM is an extensive procedure that needs to be carefully discussed taking into
consideration benefits, complications and psychosocial impact.s: A variety of techniques
exist: ranging from total mastectomy (TM), to skin-sparing mastectomy (SSM) and
nipple-sparing mastectomy (NSM), which aim to improve cosmetic results. Limited data
suggest NSM provides similar risk reduction and possibly superior cosmetic outcomes
than TM or SSM; however, follow-up is limited.> Immediate breast reconstruction should
be offered.

Recommendations

« BRRM is the most effective method for reducing breast cancer risk for BRCA1/2
carriers and should be discussed in the context of individually tailored decision

making [B].



« BRRM should be discussed in carriers of other high-risk genes alongside family
history — TP53, PTEN, STK11, CDH1 and PALB2 [C].

« NSM is a reasonable alternative to TM [C].
e Immediate reconstruction is safe and should be offered [C].

« In women with stage I-lll high-risk PV-associated breast cancer (not including
TP53), breast-conservation with therapeutic radiation is a safe alternative to RRM.
RRM should be considered within the context of disease prognosis, risks and

benefits and patient preference [C].

e In women with ovarian cancer (including early and advanced stages at diagnosis)

in a prolonged remission, RRM may be considered on a case-by case basis [C].

OVARIAN CANCER RISK MANAGEMENT
Imaging and screening

All studies of ovarian and fallopian tube cancer screening in HBOC carriers are
observational. Potential benefits of screening based on transvaginal ultrasound and a
cancer antigen 125 (CA-125) test include disease downstaging and higher rates of
complete resection with lower surgical complexity.=s However, it remains unknown
whether screening improves survival in high-risk women (see Section 2 of the
Supplementary material). False positive results may lead to unnecessary surgery, of
particular concern in women below the age at which risk-reducing bilateral salpingo-
oophorectomy (RRBSO) is recommended or those who have not completed
childbearing.==* An experienced sonographer (Level 3 practitioner) can distinguish
between benign and malignant ovarian tumours to avoid unnecessary surgeries.s
Identifying specific histological subtypes, such as high-grade serous cancer, which is

the most frequently represented cancer among BRCAL1/2 PV carriers, is desirable.s

There are no data to support ongoing gynecological screening after RRBSO.



Recommendations

« Although of uncertain benefit, ovarian screening with transvaginal ultrasound every
6 months and serum CA-125 determination may be considered starting at the age
at which RRBSO is offered (and until RRBSO is performed). Clear benefits of
RRBSO alongside the limitations and harms of screening should be

communicated to patients [C].

e Screening, if performed, should be provided in tertiary care/high-volume centers

under structured screening protocols by an experienced sonographer [C].

e There is no evidence to support routine screening after RRBSO [D].

Lifestyle factors & risk-reducing medication

Use of the oral contraceptive pill (OCP) is associated with 40%-60% lower risk for
ovarian cancer.* However, as noted earlier, there are conflicting data on whether OCP
increases breast cancer risk amongst BRCA1/2 carriers.=* The long-term clinical
significance of OCP use as a risk-reduction measure for ovarian cancer is unclear,
given that PV carriers are encouraged to undergo RRBSO before the age at which

ovarian cancer risk becomes relevant.

Risk-reducing surgery

Considering the absence of reliable screening for early detection and the poor
prognosis associated with advanced ovarian cancer, the most effective approach to
prevent ovarian and fallopian tube cancers is RRBSO.s" Pathological evaluation of the
surgical specimen should include a Sectioning and Extensively Examining the
FIMbriated End (SEE-FIM) protocol.

RRBSO should include bilateral removal of both ovaries and fallopian tubes and should
be reserved for patients at high risk of epithelial ovarian and fallopian tube cancer; it is
commonly recommended for patients with PVs in BRCA1/2, BRIP1, RAD51C, RAD51D



or the Lynch syndrome genes MLH1, MSH2 and MSH6. RRBSO may be considered for
postmenopausal women with a PALB2 PV.

In women with a PV in BRCA1/2, RRBSO has been shown to be effective in reducing
the risk of gynecological tumours (including ovarian, fallopian tube or primary peritoneal

cancers) by 80%-90%, and to decrease the all-cause mortality by 77%.=

There is debate about whether RRBSO also significantly reduces the risk of breast
cancer, particularly for premenopausal BRCAL carriers. Based on current evidence, this
surgical procedure is not recommended specifically to decrease the risk of breast

cancer.ss

The PV type, patient’s preferences and family history should be taken into consideration
when deciding the timing of RRBSO. It should be delayed until an age when ovarian
cancer risk is increased above that of the general population. Performing RRBSO
before the necessary age can have a negative impact on a woman’s health including all
the consequences of premature menopause (increased risk of osteoporosis, cognitive
dysfunction, cardiovascular disease and early mortality) — thus appropriate timing is

critical.

The average age of ovarian cancer diagnosis varies with type of PV, and in patients
with BRCA2 PVs is an average of 8-10 years later than in women carriers of BRCA1
PVs. For this reason, RRBSO is recommended once the desire for pregnancy is
completed in women aged between 35 and 40 years who carry BRCAL PVs, and in
women aged between 40 and 45 years with BRCA2 PVs.» Of note, for women with a
BRCA2 PV, in the absence of family history of early onset ovarian cancer, it is
reasonable to perform RRBSO at 45 years of age.

The most appropriate approach to RRS is through minimally invasive surgery with
laparoscopic route to reduce morbidity and hospitalisation time and provide a better

aesthetic outcome.

The use of salpingectomy with delayed oophorectomy is under investigation as a
strategy in BRCAL and BRCA2 PV catrriers in several prospective observational trials
such as WISP, PROTECTOR, SOROCk and TUBA.=+ Given the strong evidence that



RRBSO leads to a reduction in mortality, the prospective studies detailed above are
necessary prior to wide implementation of salpingectomy with interval oophorectomy,

particularly for BRCAL carriers with an earlier onset and higher risk of ovarian cancer.

There are conflicting data on the risk of developing endometrial cancer in patients with
BRCA PVs. Some studies suggest a connection between BRCA PVs and development
of serous uterine cancer (primarily in BRCA1) with a two- to threefold increased risk and
yet a more recent study does not demonstrate any elevated risk.= In any case, any
absolute risk remains low, and it is not clear if the potential magnitude of benefit
associated with hysterectomy is sufficient to justify the risks associated with the

procedure. e

Hysterectomy should not be routinely recommended at the time of RRBSO to reduce
cancer risk, unless other indications for this procedure exist, such as a PV in the MLH1,
MSH2 or MSH6 genes, other risk factors for endometrial cancer or benign uterine
pathology. Current data support a lower risk of endometrial and ovarian cancer in PMS2
mutation carriers, with insufficient evidence to recommend prophylactic surgery.=~ (For
further information on management of Lynch syndrome, please refer to
https://www.esmo.org/quidelines/quidelines-by-topic/gastrointestinal-cancers/hereditary-

gastrointestinal-cancers).

Some carriers may choose to undergo hysterectomy with RRBSO to use estrogen-only
HRT, which is associated with a decreased risk of breast cancer, without increasing

their risk of endometrial cancer.n

Recommendations

e The most effective strategy for ovarian cancer risk reduction in BRCA1/2 PV
carriers is RRBSO [A].

e RRBSO should be carried out in women who have completed childbearing, at age
35-40 for BRCAL1 PV carriers and at age 40-45 for women with BRCA2 PVs.

Timing of surgery should take into consideration family history [B].


https://www.esmo.org/guidelines/guidelines-by-topic/gastrointestinal-cancers/hereditary-gastrointestinal-cancers
https://www.esmo.org/guidelines/guidelines-by-topic/gastrointestinal-cancers/hereditary-gastrointestinal-cancers

e RRBSO should be considered in women who have completed childbearing who
are carriers of PVs in BRIP1, RAD51C, RAD51D at age 45-50. RRBSO may be
considered for postmenopausal women with a PALB2 PV [C]. For gynecological
risk-reducing surgery in Lynch syndrome, please refer to

https://www.esmo.org/quidelines/quidelines-by-topic/gastrointestinal-

cancers/hereditary-gastrointestinal-cancers.

o Risk-reducing salpingectomy (bilateral salpingectomy alone or bilateral
salpingectomy followed by delayed oophorectomy) are not recommended outside

the setting of a clinical trial [C].

RISK-REDUCTION & SCREENING OF OTHER BRCA-ASSOCIATED CANCERS &
APPROACH TO MALE CARRIERS

Male carriers — breast cancer

Cancer risks specific to men include male breast and prostate cancer. The lifetime risk
(LTR) of male breast cancer in the general European population is ~0.1% and prostate
cancer 10%-12.5%. There is evidence for an increased risk of male breast cancer for
nearly all HBOC genes.”” The most compelling is for men with BRCA2 PVs, with LTR
of up to 8%.” For other genes, LTR is <1%. Risks can be substantially increased by the
presence of gynecomastia [relative risk (RR) 9.8] or Klinefelter syndrome (RR 24.7).%

There is little evidence of efficacy of routine mammography screening in males.
Male carriers — prostate cancer

The HBOC genes have been widely linked with an increased risk of prostate cancer.
The evidence for a significantly increased risk is more robust for BRCA2,7 while
several studies do not demonstrate an elevated risk for BRCAL.5s There is a moderately
increased risk for ATM# but inconsistent evidence to confirm an increased risk with
PALB2% or CHEK2.:: The evidence for prostate cancer screening is largely based on the
IMPACT screening study. BRCA2 carriers had a higher incidence than BRCA2 non-

carriers and were diagnosed significantly younger and with more aggressive disease.



Using a prostate-specific antigen (PSA) threshold of 3.0 ng/ml, tumors were detected at
a more treatable early stage and prostate cancer screening was recommended for
BRCA2 carriers.

Recommendations

e Annual mammography or ultrasound screening should be considered in male
BRCAZ2 carriers with additional high-risk features such as gynecomastia or
Klinefelter syndrome from age 50 or 10 years before earliest male breast cancer in
the family [C].

« Male BRCAZ carriers should be encouraged to be aware of physical changes in

the breast and seek medical attention accordingly [C].

e Annual blood PSA screening should be offered to male BRCAZ2 carriers from age

40 years [B] and may be considered for male ATM carriers from age 40 years [C].

Pancreatic cancer screening

Several guidelines make recommendations on pancreatic cancer screening=+ based on
evidence from studies that included individuals with PVs in genes associated with
pancreatic cancer and/or those who have strong familial pancreatic cancer risk (at least
two first-degree relatives on the same side of the family). However, most evidence has
been garnered in genetic conditions with higher pancreatic cancer risks than in BRCA1,
BRCA2, ATM or PALB2,=# such as STK11 and CDKN2A (Supplementary Table S1).
Some suggest offering screening from age 50 in HBOC carriers with a close relative,
defined as a first- or second-degree relative with pancreatic cancer. While current
studies suggest that surveillance can achieve ‘downstaging’ at diagnosis, advanced
interval cancers are common, and there is no evidence for improved survival. Notably,

in one recently published screening study for patients considered at high risk for



developing pancreatic cancer, the majority of screening-detected pancreatic cancers

were stage | with favourable long-term outcomes.«

Recommendations

« Screening with annual contrast enhanced MRI and/or endoscopic ultrasound from
age 35 (or 5-10 years younger than affected relative) may be considered in STK11

carriers [C].

e Screening (as above) from age 50 (or 5-10 years younger than affected relative)
may be considered in BRCA1, BRCA2, ATM, TP53 or PALB2 carriers with at least

one first- or second-degree relative with exocrine pancreatic cancer [C].
e Screening should be performed in a center with high volume experience [C].

« All screening should ideally be carried out as part of a clinical trial [A].

COUNSELLING, RISK-REDUCTION AND SCREENING IN THE PRESENCE OF
OTHER MODERATE-HIGH RISK GENETIC PV HBOCS

Genetic testing for HBOC susceptibility often incorporates screening for PVs in genes
beyond BRCA1 and BRCA2. Many of these genes are involved in the homologous DNA
repair pathway; however, associated cancer risks (in terms of types of cancer and their
LTRs) vary widely gene by gene (Table 1) as do the approaches to screening and

risk reduction. During counselling, it is important to differentiate ‘other genes’ from
BRCA1 and BRCAZ2.

PVs in PALB2, CDH1, PTEN, STK11 and TP53 are associated with a high LTR for
breast cancer. The latter four are associated with specific syndromes [Hereditary
Diffuse Gastric Cancer (CDH1), Cowden (PTEN), Peutz-Jeghers (STK11) and Li
Fraumeni syndromes (TP53)] with associated guidelines.==s-= Annual MRI screening is
recommended from age 20 for TP53 and from age 30 for PALB2, CDH1, PTEN and
STK11, tailored to family history. BRRM may be discussed on a case-by-case basis.



PVs in PALB2 are associated with breast cancer risk of 40%-60%;” (approach to
screening and RRS described above).s== PVs in ATM and truncating PVs in CHEK2 are
associated with LTR of breast cancer of ~25%, although these risks are modified by family
history, mammographic breast density and single nucleotide polymorphisms (SNPs) in the
context of a polygenic risk score (PRS).>= Although the United States NCCN guidelines
recommend enhanced screening solely on the basis of an ATM or truncating CHEK?2
PV,= the authors advise that screening recommendations consider integration of these
risk factors and the addition of MRI to mammographic screening from age 40. The data
regarding BARD1, RAD51C and RAD51D are complicated as they are associated with
an increased risk of triple-negative breast cancer, without substantially increasing
overall risk of breast cancer (RR ~2).s Screening recommendations need to consider

known risk factors including family history and mammographic density.

The LTR of associated ovarian cancer varies widely (Table 1). PVs in BRIP1, RAD51C
and RAD51D are associated with risks of >10%, thus RRBSO is recommended by age
45-50.s The risk of ovarian cancer in PALBZ2 is 3%-5% and that of ATM likely <5%.
Premenopausal RRBSO is not routinely recommended at this level of risk. In
postmenopausal women with PALB2 PV, RRBSO can be considered. CHEK2 PVs are
not associated with ovarian cancer risk. Recommendations for RRBSO have been
discussed previously in this manuscript. Conflicting data exist about elevated risk of
colon cancer associated with CHEK2 PVs.» Risks associated with prostate cancer and

pancreatic cancer are discussed earlier.

NBN, MRE11 and RAD50 were not validated as breast cancer genes in two recent large

international studies.*s

Recommendations

« Women with PVs in ATM, BARD1, CHEK2 (truncating), RAD51C or RAD51D
should have comprehensive assessment of breast cancer risk to determine
eligibility for breast MRI [C].



e Inthe presence of CDH1, PTEN or STK11 PVs, intensified breast screening
should start at age 30, or 5 years younger than the youngest family member with

breast cancer and from age 20 for TP53 [A].

e RRBSO should be considered in women who have completed childbearing who
are carriers of PVs in BRIP1, RAD51C and RAD51D at age 45-50. RRBSO may
be considered for postmenopausal women with a PALB2 PV [C]. For
gynecological risk-reducing surgery in Lynch syndrome, please refer to

https://www.esmo.org/guidelines/quidelines-by-topic/gastrointestinal-

cancers/hereditary-gastrointestinal-cancers.

« Validated risk assessment tools such as CanRisk (https://www.canrisk.org/) may

be used to aid individual risk management [C].

REPRODUCTIVE AND ENDOCRINOLOGICAL ISSUES IN INDIVIDUALS WITH
HBOC

Several unique reproductive and endocrinological considerations exist for women with
HBOC.

Contraception

The most used forms of contraception remain hormonally based — OCP,
injectables/implants and the progesterone-intrauterine device (IUD). Reservations about
use of the OCP have been addressed earlier. While not contra-indicated, unaffected
carriers should be offered alternative non-hormonal forms of contraception when
feasible and minimise prolonged periods of exposure to exogenous hormones.
Noteworthy, in women interested in tamoxifen chemoprevention, concurrent use of the

OCP is contraindicated due to elevated risk of venous thromboembolism (VTE).
Fertility

A growing body of preclinical evidence has suggested that BRCA function and ATM-

mediated DNA double-strand break repair are implicated in ovarian aging.s


https://www.canrisk.org/

Nevertheless, clinical evidence remains controversial.s” Therefore, although a potential
negative impact on female ovarian reserve and reproductive potential cannot be
excluded, no definitive counselling can be made in this regard. In male carriers, gonadal

function is apparently normal, but data are limited.~

Completion of childbearing before the recommended age for RRBSO should be
encouraged. If this is not feasible, oocyte and embryo cryopreservation can be offered
at a young age, similar to cancer patient candidates for fertility preservation strategies
prior to chemotherapy.= Albeit limited, the available safety data in this setting are
reassuring, without apparent increased breast or ovarian cancer risk following ovarian

stimulation for oocyte collection.~

Carriers with highly penetrant cancer susceptibility syndromes should be informed about
the possibility to access prenatal diagnosis or preimplantation genetic testing (PGT) that
may be used if they would like to avoid passing on the hereditary PV to future
offspring.» Carriers should be counselled about any relevant risk of associated
autosomal recessive syndromes such as Fanconi Anaemia (may be relevant for
BRCA1/2, PALB2, BRIP1 and ATM PV carriers) and testing of partners. Pros and cons
of these strategies, including potential pregnancy termination in the case of prenatal
diagnosis and the need for in vitro fertilization (IVF) strategies with PGT, should be
clearly discussed. Religious, cultural, ethical and socioeconomic issues, as well as
country/center availability, are important factors affecting the individual’s choice to
access these technologies.* Thorough and balanced counselling putting couples’

autonomy in the center of the decision-making process is key.

Management of menopausal symptoms

Healthy carriers undergoing RRBSO at a young age should be informed of short- and

long-term health consequences of premature menopause.

Data on use of HRT in unaffected carriers is limited and mostly retrospective. Results
from ongoing prospective studies are awaited. While some data suggest that HRT is

safe, a recent study has suggested that this may be true for women up to age 45;



however, beyond that, there may be an increased risk of breast cancer.»: Thus, short-
term HRT may be offered after RRBSO. Longer-term use of HRT for unaffected carriers
>45 years who have also previously undergone BRRM may be considered on a case-
by-case basis. Limitations and risks of HRT should be clearly communicated, and while
mitigating menopausal symptoms and risk of osteoporosis, any benefits in

cardiovascular and cognitive health are controversial.

In contrast to systemic HRT, local vaginal therapies, including low-dose intravaginal
estrogens, may be considered to manage genitourinary symptoms of menopause,
including vulvovaginal dryness and dyspareunia as well as urinary symptoms of

urgency, dysuria or recurrent urinary tract infection (UTI).

Bone health

Regular assessment of clinical risk factors for accelerated bone loss and measurement
of bone mineral density is recommended for women who underwent RRBSO while
premenopausal.z Resistance and weight-bearing exercise, smoking cessation and
reduced alcohol intake are highly encouraged, together with vitamin D and calcium

supplements and antiresorptive therapy whenever indicated.»z

Recommendations

o Healthy female carriers should be encouraged to complete childbearing before the
recommended age for RRBSO [A]; if this is not feasible, oocyte and embryo

cryopreservation can be offered at a young age [B].

o Patients with HBOC should be informed about the options of prenatal diagnosis or
PGT [A].

e In unaffected BRCA1/2 carriers, discussing limitations and risks, HRT after

RRBSO may be considered to alleviate menopausal symptoms [C].



o Bone assessment should be considered, tailored to individual risk factors.
Preventive/therapeutic measures should be considered as indicated [B].

o Low-dose intra-vaginal estrogens may be considered to manage genitourinary

symptoms of menopause [C].

UNIQUE PSYCHOLOGICAL ISSUES FOR INDIVIDUALS WITH HBOC

Results of observational studies of the psychological impact of HBOC are highly
variable.»: Although it is often assumed that carriers have increased psychological
distress (e.g. anxiety, depression), at least half of studies to date report no differences
in distress between carriers and non-carriers.»s Moreover, increased levels of
psychological distress observed in the immediate weeks following genetic testing
disclosure have been shown to return to baseline levels 6-12 months later, with no
significant clinically relevant symptoms in the long-term.»¢x” There are, however,
individual women who do experience elevated and sustained levels of psychological
distress in this setting. Individual risk factors include high levels of anxiety and
depression prior to genetic testing,* presence of a cancer diagnosis, being
unpartnered and family cancer history.»* Evidence regarding the effectiveness of
psychosocial interventions is emerging but limited,» with most interventions focusing on

delivering information and emotional support.

Observational studies consistently reveal a negative impact on sexual function,
including vaginal dryness and loss of sexual satisfaction following RRBSO. Moreover,
studies show that sexual dysfunction is long-lasting and that decrement in function is
independent of menopausal status prior to RRBSO or use of HRT.»: The impact of
HBOC on body image has primarily been assessed in the context of BRRM. In contrast
to sexual function, impact of BRRM on body image is more complex.:z Although
guantitative studies demonstrate that most women are satisfied with their decision to
undergo RRM, qualitative studies reveal various negative effects, including distress
about loss of sensation and discomfort with reconstructed breasts as well as decreased

perceived attractiveness and femininity.»+ Salient risk factors for decreased body image



include poor reconstruction outcomes, surgical complications and lack of information

prior to surgery.:

Recommendations

e The need for further informational and emotional support should be assessed prior
to genetic test disclosure, and individuals should be offered referrals for either

psychological counselling and/or further support [B].

o Sexual health concerns should be assessed, and individuals should be offered
support and resources as needed to address sexual dysfunction. Individuals
should be asked about sexual health concerns regardless of age, partner status or

sexual orientation [A].

PERSONALISED MEDICINE AND FUTURE DIRECTIONS

The use of germline genetic testing has led to vast improvements in screening, risk-
reduction and therapies for those with inherited cancer susceptibility. Despite this, there
is a need for more individualized risk assessment to inform timing and type of risk-
reduction strategies, such as RRM and RRBSO. In BRCA1 and BRCAZ2 PV catrriers, for
example, BRCA genotype, family history and genetic modifiers all impact individual risk.
SNPs have been well validated to alter cancer risk both in the general population and in
those with inherited cancer susceptibility.»s A PRS captures the risk associated with
SNPs and can be used in models such as CanRisk.s PRSs may be particularly
important in individuals with inherited PVs in ATM or CHEK2 as some of these
individuals will have close to average risk of breast cancer and others quite elevated
risk. Modification by PRS is likely to become increasingly important as individuals
without a strong family history of cancer undergo genetic testing. Research is ongoing

to understand how to most effectively use PRSs clinically.

Early data from the OlympiA adjuvant study of olaparib suggests a potential role for

PARP inhibitors for risk-reduction.»s However, studies are needed to examine the risk,



benefit and schedule in healthy individuals. Denosumab and acetyl salicylic acid
(aspirin) are part of ongoing risk-reduction studies to advance this area in BRCA1/2

carriers.»

An early detection strategy using liquid biopsies targeting tumour-derived mutational,
epigenetic or transcriptomic features is another emerging area with relevance to
individuals with genetic susceptibility. Techniques which would allow early detection of
cancers such as ovarian cancer and pancreatic cancer may fundamentally alter our
approach. For example, if stage | ovarian cancer could be reliably detected, routine use
and/or timing of RRBSO could be reconsidered. Avoiding surgery-induced menopause
in women in their 30s could have a major impact on QoL and long-term outcomes on
bone and cardiac health. Early data are provocative; however, these tests may not have
the needed performance characteristics in early stage breast, ovarian and pancreatic
cancer, and false positives are common.x Thus, they are not recommended for clinical

use at this time.

Recommendation:

o Use of PRSs, interval salpingectomy, novel risk-reduction strategies and liquid
biopsy assays for early detection should continue to be carried out and assessed

in the context of clinical trials [A].

METHODOLOGY

This Clinical Practice Guideline was developed in accordance with the European Society
for Medical Oncology (ESMO) standard operating procedures for Clinical Practice

Guidelines development (http://www.esmo.org/Guidelines/ESMO-Guidelines-

Methodology). The relevant literature has been selected by the expert authors. Grades
of recommendation have been applied using the system shown in Supplementary Table
S2.ma0 Statements without grading were considered justified standard clinical practice by

the authors. Level of evidence has not been provided as no randomized controlled



studies are available in this field, with most data being observational/retrospective. For
future updates to this CPG, including eUpdates and Living Guidelines, please see the

ESMO Guidelines website: https://www.esmo.org/quidelines/quidelines-by-

topic/hereditary-syndromes.
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Table 1. Lifetime cancer risks in HBOC-associated PVs

Breast Tubo- Pancreatic | Colon Other Cancers
Cancer* ovarian | Cancer# Cancer$®
Cancerst
ATM Yes Yes Yes No Prostate 30%
25%-30% <5% <5%
BARD1 Yes No No No No
~20%
BRCAl Yes Yes Yes No
>60% 40%-60% | <5%
BRCAZ2 Yes Yes Yes No Prostate 33%
>60% 15%-30% | <5%
BRIP1 No Yes No No No
5%-10%
CDH1 Yes (LBC) No No No Diffuse gastric
cancer 35%-45%
40%
CHEK2 Yes No No Yes
25%-30% 15%
PALB2 Yes Yes Yes No No
40%-60% 3%-5% 2%-3%




PTEN Yes No No yes Thyroid cancer
20%:
40% 10% .
endometrial 20%
RAD51C | Yes Yes No No No
20% 10%
RAD51D | Yes Yes No No No
10% 10%
STK11 Yes No Yes Yes Gastric 30%;
Sertoli-Leydig
40% 10%-30% 30%
10%-20%
TP53 Yes No Possibly Possibly | Sarcoma, brain,
leukaemia,
40% .
adrenocortical
carcinoma

HBOC, hereditary breast and ovarian cancer syndrome; LBC, lobular breast cancer;
PV, pathogenic variant.

Lifetime risk in general ‘average risk’ population: *breast cancer 11%, Tovarian

cancer 1.3%, *pancreatic cancer 1.6%, Scolon cancer 4%.



BRCA1 pathogenic variant

+ v

NV
Breast cancer risk Ovarian cancer risk

| |
! !

[ Screening ] [ Risk reduction ]
RISk redUCtion

e a

Intensified surveillance with MRI from

age 30 or 5 years younger than the NV
youngest family member with BC [A] May offer 6-monthly TVUS & RRBSO between ages
serum CA-125 from the age at which 35and 40 [A]
Imaging should be performed at RRBSO is recommended until RRS
6-monthly intervals [A] is completed [C]
If MRI not available for 6-monthly \4 \J Following RRBSO, no further
screening, consider: [C] intensified gynaecological screening
- In carriers 30-39 years of age, US If BRRM & reconstruction performed, RRMeds may be
with/without mammography consider baseline MRI following surgery [C] considered if BRRM is
- In carriers =40 years of age, - If negligible residual breast tissue, no not being adopted or risk
mammography with/without US further imaging screening [D] does not warrant RRS [C]




BRCA2 pathogenic variant
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NV
Breast cancer risk

Risk reduction

Intensified surveillance with MRI from age
30 or 5 years younger than the youngest
family member with BC [A]

Imaging should be performed annually [A]

If BRRM & reconstruction performed,
consider baseline MRI following surgery [C]
- If negligible residual breast tissue, no
further imaging screening [D]

RRMeds may be
considered if BRRM is

not being adopted or risk
does not warrant RRS [C]
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[ Screening ]

Risk reduction ]

A4
May offer 6-monthly TVUS & serum
CA-125 from the age at which RRBSO is

until RRS is [l

Following RRBSO, no further intensified
gynaecological screening

RRBSO between ages

40 and 45 [A]




